Despite recent advances in therapeutic strategies for lung cancer, mortality still is increasing. In the present study, we investigated the anti-cancer effects of 
Introduction
Lung cancer is one of the most frequent malignant tumors in the world and is associated with a high mortality and low cure rates (Jemal et al., 2010; Saika and Machii, 2012; Siegel et al., 2012) . Although a multidisciplinary approach has been improved clinical outcomes of patients at early or locally-advanced stages of lung cancer, most patients diagnosed with lung cancer already have advanced disease (Binder and Hegenbarth, 2013) . Therefore, systemic therapies are necessary for treatment of lung cancer. The disease control has been achieved with classical doublet chemotherapy in advanced or metastatic non-small cell lung cancer. However it is usually restricted to only a few months (Scagliotti et al., 2002; Schiller et al., 2002; Fossella et al., 2003; Sledge, 2005; Binder and Hegenbarth, 2013) . Though, recently, therapies directed against the epidermal growth factor receptor have been incorporated into daily clinical practice, the current 5-year survival rate of lung cancer is approximately 20% (Xu et al., 2011) . Therefore, development of novel therapeutic agents is needed to improve outcomes of lung cancer. recently developed as a novel cyclin-dependent kinase inhibitor, and reported that BAI inhibits proliferation and induces apoptosis via cytochrome c release, activation of caspases, and inhibition of Akt phophorylation as well as cell cycle arrest in various cancer cells (Lee et al., 2008; Shin et al., 2009; Kim et al., 2013) . Moreover, it has been demonstrated that BAI can inhibit tumor necrosis factor-α-induced expression of cell adhesion molecules (Hong et al., 2012) and interleukin-1β-induced expression of cyclooxygenase-2 in A549 human airway cells (Oh et al., 2010) , suggesting its anti-inflammatory activity. Furthermore, there are evidences suggesting that BAI could modulate differentially expressed genes (DEGs) with functions related to many important cellular processes in head and neck cancer cells. Some of these DEGs were DNA methyltransferase1-associated protein 1, mitochondrial protein 18 kDa, nitric oxide synthase interacting protein, glutamine synthetase, replication initiator 1, and so on (Shin et al., 2009) . Although BAI has strong anti-cancer effect on many types of cancer cells, previous studies have suggested that BAI may possess potential toxicity in vivo because of low cancer cell selectivity (Lee et al., 2008; Shin et al., 2009) . Thus, to find out more cancer-selective compound than BAI, several derivatives of BAI have been recently synthesized and their anti-cancer activities have been evaluated. Among derivatives of BAI, we found that 
1H-indazol-3-yl}-acetamide, which is 1,1'-biphenyl group at 3-amino position of indazole is replaced with 4-ethoxyphenyl group in order to reduce the lipophilicity of BAI, has anti-cancer activity. The purpose of this study is for the first time to elucidate the potentials of KMU-193 to affect apoptosis and identify the biochemical mechanisms of the anti-cancer effect as well as activation of caspase-3 and p53 tumor suppressor in specifically A549 cells.
Materials and Methods
Materials. KMU-193 was kindly supplied by Dr. Lee, JH (Keimyung University, Daegu, Korea; Figure 1A ). Antibodies specific for phospholipase C-γ1 (PLC-γ1), procaspase-3, p53, and p53 upregulated modulator of apoptosis (PUMA) were purchased from Santa Cruz Biotechnology Inc. (SantaCruz, CA, USA). Antibody specific for cleaved caspase-3 was purchased from Cell Signaling Technology (Danvers, MA, USA). Antibody specific for actin was purchased from Sigma (St. Louis, MO, USA). Pan-caspase inhibitor, z-VAD-fmk (z-VAD) was purchased from Biomol (Plymouth Meeting, PA, USA).
Cell Culture. A549 cells (a human alveolar type II epithelial cell-like adenocarcinoma cell line), SNU449 cells (a human hepatoma cell line) and HCT116 cells (a human colorectal cancer cell line) were maintained at 37°C in a humidified atmosphere of 95% air and 5% CO 2 in RPMI 1640 medium supplemented with 10% heatedinactivated fetal bovine serum (FBS), 2 mM L-glutamine, 100 μg/mL streptomycin and 100 μg/mL penicillin. Caki cells (a human renal cancer cell line), MDA435S cells (a human breast cancer cell line) and TMCK-1 cells (a mouse kidney cell line) were maintained at 37°C in a humidified atmosphere of 95% air and 5% CO 2 in Dulbecco's modified Eagle's medium supplemented with 10% FBS, 20 mM Hepes buffer, and 100 μg/mL gentamicin. BEAS-2B cells (a human bronchial epithelial cell line) were maintained at 37°C in a humidified atmosphere of 95% air and 5% CO2 in keratinocyte-SFM (Gibco, Rockville, MD, USA) supplemented with 10% FBS, 50 μg/mL bovine pituitary extract, 5 ng/mL human recombinant epidermal growth factor and 1X antibiotic antimycotic solution (WELGENE, Daegu, Korea).
Sulforhodamine B (SRB) Assay. After incubation time, adherent cell cultures were fixed in situ by adding 50 μL of 50% (w/v) cold of trichloroacetic acid (Sigma-Aldrich) and incubated for 60 min at 4°C. The supernatant was discarded and plates were washed 5 times with deionized water and dried. Fifty μL of SRB (Sigma-Aldrich) solution (0.4% w/v) in 1% acetic acid was added to each well and incubated for 30 min at room temperature. Plates containing SRB solution were washed 5 times with 1% acetic acid. Then, plates were air dried and 100 μL per well of 10 mM Tris base (pH 10.5) (Sigma-Aldrich) were added and the absorbance of each well was read on an enzyme-linked immunosorbent assay reader at 510 nm. Finally, cell survival was measured as the percentage of absorbance compared with that obtained in control cells (non-treated cells).
Flow Cytometry Analysis. For flow cytometry, approximately 1 x 10 6 cells were suspended in 100 mL of PBS, and 200 mL of 95% ethanol were added during vortex. The cells were incubated at 4°C for 1 h, washed with PBS, and resuspended in 250 μL of 1.12% sodium citrate buffer (pH 8.4) together with 12.5 μg of RNase. Incubation was continued at 37°C for 30 min. The cellular DNA was then stained by applying 250 mL of propidium iodide (50 μg/mL) for 30 min at 37°C. The stained cells were analyzed by fluorescent activated cell sorting (FACS) on a FACScan flow cytometer (BD pharMingen, CA, USA) for relative DNA content based on red fluorescence.
DNA Fragmentation Assay. After treatment with KMU-193 and/or other drugs, A549 cells were lysed in cell lysis buffer [10 mM Tris (pH 7.4), 150 mM NaCl, 5 mM EDTA, and 0.5% Triton X-100] for 30 min on ice. Lysates were vortexed and cleared by centrifugation at 10,000 g for 20 min. Fragmented DNA in the supernatant was extracted with an equal volume of neutral phenol:chloroform:isoamyl alcohol mixture (25:24:1), and analyzed electrophoretically on 2% agarose gels containing 0.1 μg/mL ethidium bromide.
Asp-Glu-Val-Asp-ase (DEVDase) Activity Assay. To evaluate DEVDase activity, cell lysates were prepared, and assays were performed in 96-well microtiter plates by incubating 30 μg of cell lysates in 200 mL of reaction buffer (1% NP-40, 20 mM Tris-HCl, pH 7.5, 137 mM NaCl, 10% glycerol) containing a caspase substrate (Asp-Glu-ValAsp-chromophore-p-nitroanilide) at 5 mM. Lysates were incubated at 37°C for 2 h. Thereafter, the absorbance at 405 nm was measured with a spectrophotometer.
Western Blot Analysis. Cells were washed with cold PBS and lysed on ice in a modified RIPA buffer (50 mM Tris-HCl, pH 7.4, 1% NP-40, 0.25% Na-deoxycholate, 150 mM NaCl, 1 mM Na3VO4, and 1 mM NaF) containing protease inhibitors (100 μM phenylmethylsulfonyl fluoride, 10 μg/mL leupeptin, 10 μg/mL pepstatin, 2 mM EDTA). Cell lysates were centrifuged at 13,000 rpm for 15 min at 4°C, and the supernatant fractions were collected. Proteins were separated by SDS-PAGE and transferred to an Immobilon-P membrane. Specific proteins were detected using an enhanced chemiluminescence Western blot kit according to the manufacturer's instructions.
Small Interfering RNA (siRNA) Transfection. Small interfering RNA targeting human p53 (p53 siRNA) and green fluorescent protein (control siRNA) were obtained from Santa Cruz Biotechnology Inc. and Bioneer (Daejeon, Korea), respectively. A549 cells were seeded 24 h before transfection at a concentration achieving 70% confluence. Cells were transfected with 30 nM of p53 siRNA or control siRNA using Lipofectamine RNAiMAX reagent (Invitrogen, Calsbad, CA, USA) as recommended by the manufacturer's protocol. A master mix was created for each individual condition in order to eliminate pipetting errors and to increase consistency between each well.
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Results
KMU-193 has a specific and strong anti-proliferative effect on A549 human lung cancer cells
First of all, we investigated the effects of KMU-193 on proliferation of various cancer cell lines, including A549 (lung), SNU449 (liver), HCT116 (colon), Caki (kidney), and MDA435S (breast). Respective cells were treated with or without KMU-193 at the indicated concentrations for 48 h, followed by measurement of cell proliferation by SRB assay. As shown in Figure 1B , treatment with KMU-193 for 48 h inhibited the proliferation of only A549 cells in a dose-dependent manner. However, treatment with KMU-193 at the concentrations tested had no effect on the proliferation of the other cancer cells.
KMU-193 induces morphological change and apoptosis of A549 cells
To further evaluate anti-cancer effect of KMU-193 on A549 cells, A549 cells were treated with or without KMU-193 for 48 h, followed by measurement of cellular morphology. As shown in Figure 2A , KMU-193 treatment resulted in progressive morphological changes of typical apoptosis, including cell shrinkage, rounding, and detachment of the cells from the plate, as observed with light microscopy. In addition, KMU-193 induced fragmentation of DNA, a strong index of apoptosis ( Figure 2B ). It has been reported that only a few chemicals are known to have the property for selective/ preferential elimination of cancer cells without affecting the untransformed cells (Donnerstag et al., 1996; Ahmad et al., 1997) . To examine whether KMU-193 triggers cancerspecific apoptosis, two types of untransformed cells were treated with KMU-193 at the indicated concentrations for 36 h. As shown in Figure 2C , the exposure of KMU-193 to the two untransformed cells led little changes of cellular viability, however treatment of A549 cells with KMU-193 resulted in markedly increased accumulation of the sub-G1 phase in a dose-dependent manner. These results suggest that KMU-193 may selectively kill lung cancer cells by apoptosis.
Activation of caspases is critical for KMU-193-induced apoptosis of A549 cells
It has been shown that caspase is a key executioner of apoptosis (Logue and Martin, 2008) . Therefore, we next investigated whether caspases plays an important role in KMU-193-induced apoptosis. For this, A549 cells were treated with or without KMU-193 and/or z-VAD-fmk, a pan-caspase inhibitor for 36 h, followed measurement of cell cycle by flow cytometry. As shown in Figure 3 , pretreatment with z-VAD-fmk strongly abrogated the ability of KMU-193 to increase sub-G1 population in parallel with the decreased levels of pro-caspase-3, the increased levels of cleaved caspase-3, to cleave PLC-γ1, and to stimulate the DEVDase activity. This finding suggests that KMU-193 induces apoptosis of A549 cells in a caspase-dependent manner.
p53 plays a critical role in KMU-193-induced apoptosis in A549 cells
The tumor suppressor p53 has been implicated in many important cellular processes, including regulation of apoptotic cell death (Rufini et al., 2013) . Evidence suggests crosstalk between p53 and caspases or other apoptosis regulatory proteins in induction of apoptosis in cancer cells (Amaral et al., 2010) . Therefore, we next examined 1) whether p53 involves in KMU-193-induced apoptosis in A549 cells and 2) whether KMU-193 regulates Figure 4A ). To investigate whether the increased expression level of p53 is important to induce apoptosis in KMU-193 treated A549 cells, we employed the siRNA duplex against p53 mRNA. A549 cells were transfected with the p53 siRNA and treated with or without KMU-193 for 36h. Immunoblot analysis demonstrated that transfection of siRNA against p53 resulted in a suppression of p53 expression in A549 cells as compared to cells transfected with control GFP siRNA ( Figure 4B ). Under these conditions, the cleavages of PLC-γ1 and pro-caspase-3 were blocked by p53 siRNA transfection ( Figure 4B) . Moreover, the exposure of KMU-193 to p53 siRNA-transfected A549 cells abrogated inactivation of Akt, but not down-regulation of XIAP. As shown in Figure 4C , KMU-193-induced accumulation of the sub-G1 population was inhibited in cells transfected with p53 siRNA as compared to control siRNA-transfected cells. Taken together, these results suggest that up-regulation of p53 may participate in KMU-193-induced apoptosis and inactivation of Akt in A549 cells. , one of BAI derivatives, has been recently developed to improve the selectivity over cancer cell lines. In the present study, we demonstrate for the first time that KMU-193 has a selective anti-cancer activity against A549 lung cancer cells, which is supported by that does not influence the growth of other types of cancer cells, including SNU449 (liver), HCT116 (colon), Caki (kidney), and MDA435S (breast) and it has no apoptosisinducing effect on BEAS-2B human bronchial epithelial cells and TMCK-1 mouse kidney cells, which may suggest that KMU-193 may be applied as a potential therapeutic agent against lung cancer.
Discussion
Induction of apoptosis is associated with a variety of proteins and/or factors. Among those, caspase-3 is one of important cell death-inducing proteases that cleave a number of proteins essential for cell survival (Emoto et al., 1995; Bae et al., 2000) . In this study, KMU-193 treatment induced cleavage of pro-caspase-3 and PLC-γ1, activation of DEVDase activity, and apoptosis (DNA fragmentation) in A549 cells. Importantly, we have demonstrated that activation of caspases plays a critical role in KMU-193-induced apoptotic pathways in A549 cells, as deduced from that z-VAD-fmk, a pan-caspase inhibitor interferes with KMU-193-induced apoptosis, DEVDase activation, and cleavage of PLC-γ1 in the cells.
p53 is the most extensively studied tumor suppressor protein and has been shown to mediate a variety of anti-proliferative process in response to diverse forms of cellular stress (Fridman and Lowe, 2003) . Evidence further indicates that PUMA (p53-up-regulated modulator of apoptosis) is a p53-regulating gene that is a key executor of cancer cell death or alive (Nakano and Vousden, 2001 ). DOI:http://dx.doi.org/10.7314/APJCP.2015.16.14.5883 KMU-193 Treatment Induces Apoptosis in A549 Human Lung Carcinoma Cells through p53 Up-regulation Recent studies revealed that apoptosis of lung cancer A549 cells accompanies with p53 up-regulation (Li et al., 2015) and PUMA effectively inhibited cellular proliferation in lung cancer A549 cells (Liu et al., 2015) . The present study has revealed that KMU-193 treatment leads to up-regulation of p53 and PUMA in A549 cells, and p53 siRNA transfection markedly reduces KMU-193-induced apoptosis, activation of caspases, and cleavage of PLC-γ1 in A549 cells. These findings indicate that p53 also plays an important role in the apoptotic pathway triggered by KMU-193 in A549 cells. Increasing evidence suggests a close link between induction of apoptosis in lung cancer cells and expression and/or activity of apoptosis-regulated protein, including p-Akt (Kim et al., 2013; Wu et al., 2015) . Besides, it has been reported that p53 can activate the PTEN promoter leading to increased expression levels of PTEN, a negative regulator of the PI3K/Akt pathway (Feng, 2010) . In the present study, we have shown that p53 siRNA transfection leads to a partial blockage of inactivation of p-Akt in KMU-193-treated A549 cells. These results imply that dephosphorylation of Akt is partially regulated by p53 and pAkt may play an important role in A549 cell death induced by KMU-193-mediated p53 up-regulation.
In conclusion, we have demonstrated that KMU-193 selectively induces apoptosis in A549 human lung cancer cells and apoptotic effect of KMU-193 on A549 cells is largely mediated via modulation of caspase-3 and p53. Though more in vitro and in vivo studies are needed to establish the anti-tumor activity and mechanisms of a novel BAI derivative, KMU-193, findings presented herein collectively provide fundamental insight of the usefulness of KMU-193 in human lung cancer therapy.
